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Phosphorous is an essential nutrient for a functioning water 
ecosystem, however, heightened levels caused by waste 
water and agriculture can be damaging. High levels of PO4
3-
cause toxic algae blooms, which kill wildlife and contaminate 
drinking water supplies. Therefore, cheap, efficient 
phosphate removal systems are beneficial for commercial 
settings in order to meet governmental standards. Also, 
similar research and technology can aid in the removal of 
toxic heavy metals in industrial waste water.
• Determine optimal methods of using a packed column 
of solid supported media to remove anions from 
wastewater. Such anions include phosphate, lead, 
chromate, and others.
• Evaluate the regenerative ability of different solutions to 
reuse spent columns.
Figure 2: Historical date of phosphate levels in the James River. Data Given by the James River Association
• The optimal solid supported media was a 
lanthanum  mixture with the highest removal 
percentage near  100%. 
• Both cerium and lanthanum were able to be fully 
regenerated. 
• This system easily removes heavy metal: 
chromium, selenium, arsenic, lead, molybdate, 
copper, and nickel.
• Next steps would include testing and finalizing a 
real time phosphate sensor to the proposed column 
design.
The water flows into the 
column first and recycles 
through it until anion 
removal is no longer 
possible. Once the 
column can no longer 
remove phosphate, the 
controller switches to the 
regenerate solution 
stream without recycling 
until a minimal amount of 
phosphate (or other 
anions) are found.
Figure 1:General experimental procedure for both media and regenerate solution studies
Figure 3: This graph compares the results of the different solid supported 
metal to media combinations tested for phosphate removal.
Figure 4: This graph illustrates the effectiveness of heavy metal ion removal 
using optimal solid supported media approaches.
Figure 5: This graph compares the results of the various regenerative 
solutions used on spent packed columns.
Figure 7: This diagram shows the proposed automated column design system for a scaled up industrial setting.
Table 1: Comparison of New and Current phosphate removal methods with CeCl3 for treating 10ppm PO4
3- water at 10gpm. *Sludge Only produced in Current Methods.
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Figure 6: This graph shows the Design of Experiment parameters where 
C is the contact time and M is the metal loading.
